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Abstract
I comment on the application of the chiral expansion to generalize
the Gerasimov-Drell-Hearn sum rule for nite Q2. The observation,
made by several authors, that the corrections to the leading order con-
tributions are large and limit the applicability to a very small range in
Q2 are valid when considering the generalization of the sum rule for
protons and neutrons, separately. However, when using the proton-
neutron dierence, the application of chiral perturbation theory may
be expanded to substantially higher Q2 .
The spin structure of the nucleon has been of central interest for nearly 15
years. Most studies have focused on the deep inelastic regime to measure the
spin structure functions g1(x) and g2(x), and their respective rst moments.
In recent years the interest has shifted towards the lower Q2 regime and
the resonance region 1;2, and measurements have been untertaken to study
the transition from the scaling regime to the regime of strong QCD 3;4;5.
These advances in experiments made it urgent to study theoretically the
connection between these dierent regimes. While perturbative techniques
and higher twist expansion approaches seem appropriate at Q2 > 0:5GeV2
and invariant masses above the resonance region (W > 2.5GeV/c2), new
approaches are needed to study the low Q2 and low W regimes. Numerous
phenomenological models have been constructed to describe the resonance
regime and the transition to the deep-inelastic regime1;2;6;7;8;9;10. All models
show that the resonance region, especially the (1232), plays an important
role in the helicity dependence of the inclusive cross section at small Q2. At
Q2 = 0 the sum rule by Gerasimov, Drell, and Hearn 11 (GDH SR) relates
the energy-weighted integral of the helicity-dependent cross section to the









Recently, attempts have been undertaken to evolve this sum rule into
the regime of nite Q2 using chiral perturbation theory (PT) 12;13. Ji and
Osborne13 constructed a generalized sum rule using a dispersion relation for









where G1(Q2; ) is the spin-dependent structure function, and S1(0; Q2) the
Compton amplitude, where the overline means that the elastic contribution
has been subtracted. The authors calculate the right-hand side in chiral
perturbation theory. In leading order S1(0; Q2) is independent of Q2 13. The
authors expected from power counting that the GDH SR could be evolved
to a Q2 = 0:2GeV2. However, the next-to-leading order resulted in a strong






[(1 + 3V + 2(1 + 3S)3] (3)
where V = 3:706 and S = −0:120 are the experimental values of the
isovector and isoscalar anomalous magnetic moments of the nucleon, and 3
is +1 for the proton and -1 for the neutron, respectively. When converted



















+ 5:54Q2(GeV 2) + :: (6)
The authors of 14 point out the very large Q2 variation in (3), (5) and
(6), much larger than expected from simple power counting. This fact will
limit the usefulness of the chiral expansion to very small Q2 values. However,
it has gone unnoticed that the situation is considerably more favorable for
the proton-neutron dierence rather than for proton and neutron separately.
This is obvious when taking the proton-neutron dierence in (3). While the
values in the bracket are 13.4 and 10.84 for proton and neutron, repectively,
the p-n dierence is 2.56, yielding a much smaller slope at Q2 = 0. For the




+ 1:31Q2 + ::: (7) :
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In comparison with (5) and (6), a much reduced Q2 dependence is pre-
dicted for this quantity compared to the proton and neutron, respectively.
A possible explanation for this is the absence of the (1232) contribution in
the proton-neutron dierence, while this is an important contribution to the
proton and neutron sum1 at small Q2. Taking the proton-neutron dierence
is quite natural in analogy with the deep inelastic regime. While the Bjorken
sum sule 16 for the proton-neutron dierence has been tested experimentally
18, the corresponding Ellis-Jae sum rule for proton and neutron separately
17 failed the experimental tests 18. In order to compare with existing data,






In gure (1), Γp−n1 (Q2) is shown with the data from SLAC and the pQCD
evolution of the Bjorken sum rule to order 3s. 15. The next-to-leading order
term in the PT expansion for the proton - neutron dierence has the correct
sign and reproduces better the trend of the data compared to the leading
term, which just represents the GDH sum rule.
A similar conclusion can be drawn for the next-to-leading-order expan-
sion by Ji et al. 14 applied to the generalized GDH sum rule proposed by
Bernard et al. 12. A much reduced Q2 dependence is obtained for the proton-
neutron dierence in this case as well.
To understand the convergence of the chiral expansion at nite Q2, it
is essential to evaluate the next-to-next-to-leading order corrections for the
proton-neutron dierence. With the accurate data expected at small and
medium Q2 from experiments at Jeerson Lab within this year, stringent
tests of these predictions will be possible. From the higher Q2 end, QCD sum
rule expansions may be used to extend the range down to Q2 = 0:5GeV2 14.
If the remaining gap can be bridged using QCD lattice calculations it would
mark the rst time that nucleon structure is described within fundamental
theory from small to large distances, a worthwhile goal.
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Figure caption.
First moment dierence Γp1 − Γn1 . Data are from SLAC 15. Long-dashed
line - Bjorken sum rule, corrected to O(3s)
18, solid - equ.(8) for the proton-
neutron dierence of the PT prediction14, short dashed - model by Burkert
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